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BF SYSTEM, a field-theory system consisting of tlie two fields B and 
F. On the D-dimensional manifold M.^ (D > 2), the classical action of the 



^ . [pure) BF system is defined by the metric-independent expression 

O 

in 
o 



1I{Bn-2^FA), (1) 



where -B_d-2 is a Lie algebra- valued differential D — 2-form, and is the 
p • curvature of the connection form A, F^ = dA + i[y4,^]. BF system con- 

^ \ stitutes an important class of topological gauge field theory models of the, 

so-called, Schwarz type, akin to Chern-Simons system [1] (further, older ref- 
^ . erences therein). Gauge symmetry of BF system is of the two types: (1) 

■ standard Yang-Mills symmetry with infinitesimal transformations 

^YM^ = dAUJ, 5ymBd-2 = [Bd-2,^], 

and (2) D — 2-form B symmetry (-D > 3), 

6bA = 0, 5bBd-2 = dA^D-3, 
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where A^-s is a Lie algebra valued D — 3-forin, and (Ia — d -\- [A^-\. Since 
the classical equations of motion corresponding to (1) are 



Fa = 0, dABD-2 = 0, 

we have, for a sufficiently large D, a chain of on-shell reducible gauge sym- 
metries 

^eAfe = c?AAfc-i, A; = l,2,...,D-3, 

invoking, at quantum level, the formalism of Batalin and Vilkovisky (see [2], 
also for the issue of UV finiteness) . 

In the Abehan case [1], a generalization of the classical action (1) is 

/ Bp A dAo-p-i. 

The partition function Zp(A^^) yields a power of the Ray- Singer torsion 

Zp{M' 



1D] = J T^D^^\ for D odd; 



1, for even. 

Observables (Wilson surfaces) give rise to the linking number £ 



(exp ( /^^^ B) exp ( /^^_^__ a) ) = exp [«(E^„ E---) 



For non-Abelian BF system, there is a relation to the Ray-Singer torsion, 
too, and to various known knot and link invariants in D = 3, whereas in 
D > 3, the observables are expected to probe higher-dimensional topology, 
but the knowledge has not stabilized yet [3]. 

Besides the pure BF system (1) one can consider the, so-called, BF system 
with a cosmological term, an (exterior) product of n {np = D) B fields 



/ l^{BpA...ABp). 



3D BF system with a cosmological term is directly related to Chern-Simons 
theory — in particular, the partition function yields the Turaev-Viro invariant 
TV(A^^) of the 3D manifold M.^. Further generalizations can include SUSY. 
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One of the most exciting applications of BF systems is gravity [4]. 3D 
gravity is directly identified with a BF system, and the cosmological term 
plays the role of the cosmological term in gravity. 4D BF system can be a 
starting point for a novel formulation of 4D gravity (direction pioneered by 
Plebahski) . 

Analogously to the case of akin Chern-Simons theory, BF system can be 
used for gauge-invariant generation of mass for gauge fields. Yet another 
application consists in a first-order formulation of ordinary Yang-Mills sys- 
tem, where the Yang-Mills theory can be considered as a deformation of 
topological system. 

References 

[1] D.B. Birmingham, M. Blau, M. Rakowski, G. Thompson, Phys. Rep. 
209 (1991) 129; 

[2] O. Piguet, S.P. Sorella, Algebraic Renormalization, Springer 1995; 

[3] A.S. Cattaneo, P. Cotta-Ramusino, C.A. Rossi, Lett. Math. Phys. 2 
(2000) 301; 

[4] J.C. Baez, Lect. Notes Phys. 543 (2000) 25. 



3 



